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ABSTRACT

This research main purpose was to optimize aggregate blends utilizing more locally
available materials. With the industry collaboration and partnership, the Department
embraced a change that impacts a specification implemented in the 1947 for Class of 47B

concrete. This aggregate optimization e mbr ace s todayos avail abil
cements in Nebraska. These new blended cements enhanced the Alkali Silica Reaction of
Nebraskaods sand and gravel. As well as, and n

gap-graded to a more dense gradation. Combined aggregate gradations were evaluated
for mechanical and durability characteristics for paving mix designs. The outcome of these
evaluations resulted in the introduction of a new blend aggregate grading band for the
Department named 47B Revised (47BR), which would allow the use of more locally
available materials currently being produced in the state, thereby optimizing its economy.

The goal for the new 47BR Combined Aggregate Gradation is to have the contractor, with
agency oversight, develop a concrete mix design with an optimum combined aggregate
gradation and provide the Contractor with the testing and control responsibilities to ensure
a quality product. This report presents the results of the evaluation and optimization of the
47BR Concrete Specification.
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SUMMARY OF PHASE |

Phase | Purpose:

The Nebraska Department of Roads began to explore various blended aggregate
gradations for the Nebraska 47B concrete in January 2008. The purpose was to optimize
aggregate blends utilizing more locally available materials. These blends were evaluated
for mechanical and durability characteristics for paving mix designs. The outcome of these
evaluations would result in the introduction of a new blend aggregate grading band 47B
Revised (47BR), which would allow the use of more locally available materials currently
being produced in the state, thereby optimizing its economy.

Phase | Project Scope:

1 To determine the effect of blending locally available materials and determine the
potential benefits resulting from using optimized gradation in concrete mixes.

1 To ensure workability and constructability so that the mixes can be easily used in
engineering applications.

1 To evaluate concrete mixes for mechanical properties and durability characteristics that
are compatible with NDOR requirements for a good performance mix design.

Actions in the Field and Laboratory:

In order to assess the performance and effects of an optimized gradation, ready-mix field
trials were proposed to analyze the effects on constructability, strength, segregation, and
required water and air-entraining agent dosage. NDOR, Paulsen Construction Concrete
Company, Inc, Lyman-Richey Corporation, and Hooker Bros. Sand & Gravel worked
together on these ready-mix field trials by providing their available ready-to-use aggregate.

Nebraska
Department of Roads
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SAND & GRAVEL

Phase | Field and Laboratory Testing:

In order to analyze what type of guidelines NDOR would need to set on the proportioning
and optimization of aggregates, five concrete mixes were proportioned or analyzed using
different aggregates currently produced in the western and central part of the state. The
plan of action in the field is described as follows:
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Plan of Action in the Field (Ready-Mix Plant) and Laboratory Phase | by Tasks:

Conducted in the Field-Sampling & Testing:

1. Standard Test Method for Slump of Hydraulic Cement Concrete (ASTM C 143)

2. Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure
Method (ASTM C 231)

Conducted in the Laboratory:

1. Standard Test Method for Microscopical Determination Parameters of the Air Void
System in Hardened Concrete (ASTM C 457 i Method B)

2. Standard Test Method for Determining the Potential Alkali Silica Reactivity of
Combinations  of  Cementitious .
Materials and Aggregate
(Accelerated Mortar Bar Method)
(ASTM C 1567)

3. Standard Test Method for Electrical &8 e o ; :\t:
|l ndi cati on of O3S A bl P> }3&*‘
Resist Chloride lon Penetration ¥ 0N :’%iv_o &
(ASTM C 1202) e 8@ A AR e O 7

4. Standard Test Method for I 8NAe ‘)‘; 9
Resistance of Concrete to Rapid atidiiee .
Freezing and Thawing (ASTM C 666) @arser Gralastern, Nebrask:

5. Mechanical Properties:

i. Standard Test Method for Compressive Strength of Cylindrical Concrete
Specimens (ASTM C39)

ii. Standard Test Method for Flexural Strength of Concrete (Using Simple Beam
with Third-Point Loading)

Test results for the testing conducted in the field and laboratory testing for the five trials
mixes in the ready mix plants at the locations of Gothenburg, NE Kimball, NE and Grand
Island, NE are presented in Table 1.

Page | 4



Table 1 - Description of Proportioned Mix Designs and Test Results - Phase |
g WO 0o % R =T =3 >
S | «proportioned Mix D cgv 335|338 5%8 |=%2| 28 | o8& 4
= roportioned Mix De{ O 3T0 (32| 0n%s |B%8s| 96 8> <
o 5| 5282|588 €10 |Z€q| 2 | 22 3
Elso |m0®| Sz | Sa| 84 | 89 B
.. (**) Durabili 28 Day ¢
NDORGs Req.|gag 30 gf"s@ 2 Tobe | - | >70% | 7.5.0%)| Expansi
: y Déermine 300 cyc <0106
@ | 30% Coarse Gravel Go
g 70% 47B Fine 0.41 4060 5010 575 650 88% 10.5% 0.06
= Paulsen Inc.
o | 40%Coarse Gravel Got
g 60% 47B Fine 0.40 3500 3910 52 620 80% 13.5% 0.06
Paulsen Inc
0 40% Coarse Gravel Ct
iy 60% 47B Fine 0.35 3740 4300 450 470 71% 6.0% 0.07
o Lyman Rigimpall (**)
@ | 70% 47M Coarse Grave
iy 30% Coarse Gravel Cy 0.37 3120 3730 470 520 76% 8.8% 0.07
o Lyman Ridkiegball (**)
@ | 45% Grand Island Coars
B 55% Grand Island Fi| 0.3¢f 4060 4460 580 640 81% 6.1% 0.05
o Hooker, Bros
< 47®aving Blend Averi
P Performance NA| 3500 5000 680 NA 71% NA NA
(*) All Proportioned Mix designs followed NDOR specifications for concrete paving using IPF class of
concrete.
(**) These two mixes were performed with a high slump, which was not an ideal a good mix for paving
operation.

(***) NDOR is investigating the actual requirement/value for this test since the test procedures are variable.

Phase | Project Results Summary:

Based on the field trial performance, the results have assisted NDOR in identifying the
combined aggregate gradations that would help improve the current mix design the
Nebraska Department of Roads has had for the last 60 plus years. These initial efforts
have dealt with the concept of maximum density with the idea of a denser gradation. A
denser gradation helps to improve air entrainment for a better spacing factor, reduces
entrapped air voids, and can give less shrinkage due to fewer voids needed to be filled
with cement paste. The 47B Revised (47BR) gradation band was developed from the
analysis of the current 47B gradation band with the identification of the best combined
gradation and its mechanical properties. Figure 1 represents the five blends plotted and
compared with the current 47B gradation band. Four of the five gradations plotted were
outside the 47B maximum and minimum tolerance. With the development of the 47BR
combined aggregate gradation limits, which is shown in Table 2, the mechanical properties
will exhibit a better and closer performance due to the denser gradation. This new 47BR
combined gradation limits gives an opportunity that would allow the use of more locally
available materials currently being produced in the state, thereby optimizing its economy.
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Figure 1. 47B Standard - All Gradations Combined
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Table 2. 47BR Combined Aggregate Gradation Limits (Percent Passing)

Combined Aggregate Gradation Limits (Percent Passing)
Sieve Size | No . ] No0.3/40 | No.4 | No.8 | No.16 | No.30 | No.50 | No.200
Minimum 92.0 98.0 45.0 | 31.0 17.0 10.0 3.0 0
Maximum 100 85.0 65.0 | 48.0 41.0 30.0 8.0 3.0

SUMMARY OF PHASE 1l

Phase Il Purpose:

The purpose of Phase Il was to evaluate the properties and performance of these blended
aggregate gradations on a full-scale project and investigate the saving potential for each
individual project. NDOR started writing a specification to launch on a project for the 2010
construction season. This new specification was a major change from current Nebraska
Specifications for highway construction for paving operations. Since 1947, Nebraska
Department of Roads has provided a mix design for all paving operations. The new
specification will require the contractor to be responsible to submit the combined
aggregate gradation for approval and verify mix properties such as, but not limited to,
workability, resistance to segregation, a stable air system, and good finishing and
consolidation properties.

Phase |l Project Scope:

Proposed for Phase Il was the testing evaluation of the 47BR combined aggregate
gradation limits developed in Phase I. The testing evaluation was based on the required
sampling and testing for the trial batch that would be required in the specification.
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The first objective of this project was to verify that the combined aggregate gradation
performance and its feasibility with Nebraskad sggregates. Thus, the second objective
was to verify that the required sampling and testing is reasonable for the specifications
proposed for the contractor to meet. During Phase Il, Pine Bluffs Aggregate worked with
NDOR by providing their available ready-to-use aggregate.

Phase |l Proposed Testing Program:

The Department sampled, tested, and collected the data. The material was to conform to
the requirements in Table 3.

Table 3. Required Sampling and Testing for each Trial Batch

Test Test Sample
7,14, and 28 days: Compressive Strength (3500 psi
minimum) i As determined by ASTM C 39,
ACompr essi ve y®BdricaeQongrete o f
Speci menso
7, 14, 28 and 56 days: Flexure Strength (to be

Average of Three Cylinders
One set of 6 x 12 inch and
a setof 4 x 8 inch

determined) i As determined by ASTM C 78, Average of Three Beams
AFl exural Strength oBeanCo Specimen size 7 x 7 x 21 inch

with Third Point Loadingd

28 and 56 days: Modulus of Elasticity i As
determined by ASTMC 4 6 9 , AiStatic
El asticity of Concrete i
28 Day Expansion < 0.10% - As determined by
ASTM C 1567, fdDeterminin Average of Three Beams
Silica Reactivity of Combinations of Cementitious Specimen Size 1 x 1 x 11 inch
Materials and Aggregateo

Specimen size 4 x 8 inch
Total (4) cylinders

Phase Il Timeline:

A 2009 - Actions in the Field and Laboratory:

Two full-scale ready-mix concrete trials were tested in December of 2009. These two
mixes followed the proposed 47BR combined gradation shown in Figure 2. The testing of
each specimen met the specified requirements in Table 3. Each specimen was tested by
the NDOR Portland Cement Concrete laboratory at the Materials & Research facility in
Lincoln.
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Figure 2. 47BR Gradation Limits
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The results of the two full-scale ready-mix concrete trials are shown in Table 4.

Table 4. Description of Proportioned Mix Designs and Test Results T 2009 Phase I
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A 2009 Summary of Testing:

The main objective of the work conducted with these two mixes meeting the 47BR
combined aggregate specification was to determine the effect of the concrete quality in
comparison with the regular 47B combined aggregate specification on pavement
performance, especially the effect of strength and altering associated properties. One of
the specified requirements for paving operations were defined by flexure strength, which
was set for 600 psi at 28 days for pavement design, compressive strength at 28 days for
final pavement acceptance, and air content. During the work of 2009, the research team
found that the flexure strength variability within a single operator can be an issue when
approving a mix design. Meanwhile, the Department was set to develop a special
provision called 47BR Class of Concrete keeping all the mix design requirements the
same but the aggregates in order to use the 47BR concrete in a construction project and
to continue monitoring its performance.

A 2010 - Actions in the Field and Laboratory:

A special provision for Class 47BR concrete was let in April of 2010. The primary goal for
the new 47BR combined aggregate gradation was to have the contractor, with agency
oversight, develop a concrete mix design with an optimum combined aggregate gradation
and provide the contractor with the testing and quality control responsibilities to ensure a
quality product. For the mix design approval process, the contractor was responsible for
the following:

1. The contractor was responsible for the design and control of the mix design. This
included the target combined gradation percent passing.

2. Material information was to be included: aggregates and cement sources.

3. Test information for mix design include: Air, Unit Weight, Compressive Strength and
Flexure Strength.
a. 3500 psi @ 28 days Compressive Strength - ASTM C 39.
b. Average of three beams @ 28 days would have a Flexure Strength target of 600
psi - ASTM C 78.

4. ASR testing 1 The results at 28 days would be less than 0.10% per ASTM C 1567.

5. During Construction - NDOR Verification Testing:
a. Production and Testing of Aggregate:
i. The aggregate combination shall not vary greater than 3% of the original
submitted aggregate combination.
ii. Blended Aggregate Production Tolerances (Table 5)
Table 5.
Sieve Size Toleranc:

No. 4 or greater (4.75mmo +5%

No. 8to No. 30 (2.36to 6( + 4%

No. 50 (300 pum) + 3%

Minus No(29Q@m) +1%
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The 47BR specification was used on a project north of Kimball in the summer of 2010.
Figure 3 shows the aggregate production facility in the western part of the state that was
providing aggregatest o t he Ki mball 6s project.

Figure 3. Aggregate Production
Facility Pine Bluffs at Kimball,
Nebraska

A 100% combined local aggregate blend, without any use of limestone coarse aggregate,
was submitted for approval, as shown in Figure 4. The combined gradation was evaluated
by the use of the 0.45 power plot. The reference to a maximum density line drawn from the
origin to the intersection of 100 percent passing line with the first sieve to retain aggregate
or the maximum sieve 1 inch served to evaluate how dense the combined aggregate

gradation was going to be in the mix design.

Figure 4. Combined Aggregate Gradation Band and Combined Aggregate Gradation
(Contractorodos Target)
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The follow-up evaluation of the Departmentd p ar al | el
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is shown in Figure 5. Specimens were made at the Pine Bluffs Ready-Mix Facility in

Kimball, NE.Speci mens
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The combined aggregate gradation submitted for this project was a coarser blend. The
research team tested mechanical properties (compressive and flexure strength), durability
properties, alkali-silica reaction, hardened air, and shrinkage for this blend. The research
team obtained samples during the ASTM C 94 fStandard Specification for Ready-Mixed
Concrete Testinga This test covers the mixing time and the manufactured freshly mixed
concrete properties of a Portable or Stationary ready mix plant before the paving
operations begins. Also, the mechanical and durability properties were tested for the
mixed concrete delivered to the project. This concrete would represent the in-situ
concrete. The test results of mechanical and durability properties are shown in Table 6.

Table 6. Co nt r aMix Desigassand Test Results i 2010 Phase I
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During placement the mix design exhibited fairly low workability and finish ability in the
slab. It was noted that the finishers had a slight amount of trouble when finishing. In fact,
the contractor tempered the surface of the slab during the paving operations, as shown in
Figure 6. As more mixes were evaluated, the Department recognized the need of High
Range Water Reducers as an option to improve the workability for this type of coarser mix
design.

re . Slab Surface Tempered During Paving Operations.

'Figu

The contr actcoornths nteadr gaegtgede gat e gradati on met N
47BR blended aggregate specification. However, this gradation was characterized as

being a coarser type mix design, which tends to have low workability. In fact, due to low
workability of the mix design being used on the Kimball Project during paving operations,

the research team proposed performing two additional mix designs changing the

admixture type. In one of the two mixes, the cementitious material was increased, as

shown in Table 7. Tables 8 and 9 reflect the project mix design, except for the change in

admixture type. Table 8 shows the use of a mid-range water reducer and Table 9 shows a

low-range water reducer which was supplied by the contractor.

Table 7. Mix Design #1

Components Weights 1 Cubic Yard
Cement 610 Ibs
Aggregate
Pine Bluffs Sand & Gravel Aggregate 2908 Ibs
Target W/SCM Ratio 0.39
Target % Air Content 7.5
Water 238 Ibs
Air Entraining 290z
Water Reducer i Mid Range (Type F) 8 0z
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Table 8. Mix Design #2

Components Weights 1 Cubic Yard
Cement 564 Ibs
Aggregate
Pine Bluffs Sand & Gravel Aggregate 2908 Ibs
Target W/SCM Ratio 0.39
Target % Air Content 7.5
Water 238 Ibs
Air Entraining 290z
Water Reducer i Mid Range (Type F) 8 oz

Table 9. Control- Mix Design #3

Components Weights 1 Cubic Yard
Cement 564 Ibs
Aggregate
Pine Bluffs Sand & Gravel Aggregate 2908 lbs
Target W/SCM Ratio 0.41
Target % Air Content 7.5
Water Same as Project
Air Entraining Same as Project
Water Reducer i Low Range (Type A) Same as Project

On November 18" of 2010, the research team tested mechanical and durability properties

of all three mixes. The tests that where conducted was compressive strength, flexure

strength, modulus of elasticity, hardened air, shrinkage and freeze/thaw. The research

team obtained the sampl es iaKimbalh BE. The researehct or s
mixes were tested as shown in Figures 7 and 8.

D\ = s ¢l

echanical PropertiesTesting.

Fig‘ufes 7 &'. M

The test results from the research mixes shown in Table 10, show the evaluation of the
mixes with change in the type of admixure from low-range to mid-range and the evaluation
of performance by increasing the cement content. The results show the workability was
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improved by the use of the mid-range water reducer; however, the increase in cement
content did not help for the final mechanical properties.

Table 10. Research Designs and Test Results i 2010 Phase Il

% W/CM  Slum Compressive Streng Flex‘gse)i Streng
k5 Paving Ble Ratio (in)F Pernability b3 : (AveragkThree
o (Coulomb Pal (Average of Bpeemen Specimens
3500 nsi 600 min. psi
NDORGs| ox| - - gl | 8|8|8|8] 8
| HEAREEIERRIE:
> 9| 47BR Con(
§§ 6 Sacksw 0.41 7, 260( 3000| 3400 435( 400 460 510
LoviRange
> 9| 47BR Con(
§§ 6 Sacksw 0.39 Ya Low 330( 3890| 4710 5364 470( 510/ 560
MieRange
8| a7BRCond 40| 4 317( 3620 4340 511( 440| 500 520
ZN| 61/2Sac|

A 2010 Summary of Testing:

Using the 47BR concrete specifications during the 2010 paving operation, the lessons
learned are described and highlighted as follows:

1. Pre-Construction Meeting i Material and Research must attend these meetings in

order to introduce and discuss the new specification.

. Contractor and NDOR field personnel must be familiar with the new specifications;

such as, but not limited to:
a. The use of a 0.45 power plot to evaluate the combined aggregate gradation

proposed.
b. The c¢ on tfamdiarity with $hé maximum and minimum tolerance for the

maximum density line combination of aggregates.

. Due to the Coarser Aggregate i the concrete placement was improved by using the

mid-range water reducer instead of low-range water reducer. The use of a mid-
range water reducer will be only required for the 47BR specification.

. The stockpile at the plant site was a challenge (Figure 9) due to the coarser gravel

and a dust coating of the aggregate. This was found to be an issue when reviewing
the dry pit aggregate pumping operation.
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Figure 9. Aggregate Stock Pile at the
Project site Kimball, Nebraska.

5. Sand Equivalent (dry pit aggregate dust coating) - the sand equivalent is a test that
covers the determination of the effects of organic matter found in fine aggregate.
The dust coating found on the aggregate did not allow the paste to adhere to the
aggregate during concrete production and placement, as shown in Figure 10.

Figure 10. désgcgatimgat eds
O observed during paving operations.

O

O

6. Mechanical Properties i Flexure strength was not consistent when correlating field
cure flexural beam strength results. The research team found variability in test
results while trying to complete the approval process of the mix design for this
project. The reported flexural strength test results frequently exhibited excessive
variability, and since there are numerous potential sources for this variability such
as, but not limited to, number of days for cure time, sample molding, handling,
testing, and transportation. Therefore, further evaluation is needed. Figure 11.
shows flexure beam specimens.

Figure 11. Flexure Beam Specimens.
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